Production of interleukin-8 (IL-8) and tumor necrosis factor alpha (TNF-␣) was confirmed by enzyme-linked immunosorbent assay in a medium where human epidermal keratinocytes were cocultured with Trichophyton mentagrophytes for 1 to 12 h. IL-8 and TNF-␣ mRNAs were also detected in the keratinocytes cocultured with T. mentagrophytes.
The keratinized tissues of skin and hair of humans and animals are commonly infected with dermatophytes. The physical and chemical structure of the skin represents a form of defense barrier against fungal pathogens. A cutaneous immune system is probably responsible for initiating immune responses that work to prevent and to eliminate the infecting organisms (16) . In addition, such responses may also induce some inflammatory agents that result in much of the symptomatology of these infections (1-5, 9, 11, 17) .
Six isolates of a most common dermatophyte, Trichophyton mentagrophytes (four isolates from human patients and two isolates from animal patients), were used in this study. All isolates were identified by conventional methods (morphological characteristics of macroconidia and spiral hyphae, urease reaction, and hair perforating test) (10) and by molecular analysis of chitin synthase 1 gene sequences (8) . These strains were been maintained by culturing at 25°C on 1/10 Sabouraud's glucose agar containing peptone (0.1%), glucose (0.2%), KH 2 PO 4 (0.1%), MgSO 4 7H 2 O (0.1%), and agar (2%) and were subcultured more than twice every 2 weeks before use.
Human epidermal keratinocytes of foreskin (Cosmo Bio, Tokyo, Japan) were cultured in the serum-free medium K110 keratinocyte growth medium (Cosmo Bio) at 37°C and 5% CO 2 for 5 days.
Coculture of epidermal keratinocytes and microconidia of T. mentagrophytes was carried out based on a previously described method (7) . In the preliminary studies it was determined that the number of the microconidia per human epidermal keratinocyte needed for optimal stimulation varied widely among dermatophytes tested (data not shown). On the basis of these studies, a 1:1 ratio of microconidia to keratinocytes was chosen for subsequent experiments. Moreover, no good results were obtained in preliminary experiments when heat-killed microconidia were used. Therefore, microconidia were collected by being scraped from the white powdery colonies of T. mentagrophytes grown on 1/10 Sabouraud's glucose agar and were suspended with 0.04% Tween 80 distilled water (pH 7.4) in a glass homogenizer. These microconidia were washed twice in phosphate-buffered saline and were resuspended in K110 medium. The human epidermal keratinocytes (10 4 cells/well) were incubated on a microplate with 96 wells at 37°C and 5% CO 2 for 16 h, and then the microconidia of T. mentagrophytes (10 4 cells/well) were distributed to the wells. After 1 to 12 h of coculture these supernatants were obtained and kept at Ϫ20°C until use for cytokine assay with enzyme-linked immunosorbent assay (ELISA).
Every assay was carried out with a Cytoscreen Immunoassay kit (BioSource International, Camerillo, Calif.), and this assay system was sensitive to more than 1 pg/ml. All experiments were done in triplicate; results were expressed as means Ϯ standard deviations. Comparisons among tests were done by the Student's t test, with statistical significance considered to be P Ͻ 0.01.
After 1 to 12 h of coculture of epidermal keratinocytes and microconidia of T. mentagrophytes, the interleukin-8 (IL-8) and tumor necrosis factor alpha (TNF-␣) levels in the supernatants were determined by ELISA. The culture supernatants of keratinocytes alone were used as the control. IL-8 and TNF-␣ were detected in the supernatant and increased following coculture, although the levels of other cytokines (IL-1␤, IL-6, and monocyte chemoattractant protein 1 [MCP-1]) were very low or undetectable in these assays (Fig. 1 ). The IL-8 level in the supernatant increased at 3 h after coculture of keratinocytes with T. mentagrophytes. On the other hand, TNF-␣ levels in the supernatant increased suddenly after coculturing. However, IL-1␤, IL-6, and MCP-1 levels were not detected in each culture supernatant of epidermal keratinocytes and T. mentagrophytes examined at every culturing time.
The human epidermal keratinocytes (3.5 ϫ 10 5 cells) were incubated in the cell culture dish at 37°C and 5% CO 2 for 16 h, and then the microconidia of T. mentagrophytes (3.5 ϫ 10 5 cells) were distributed to the dishes. After 1 to 12 h of coculture these keratinocytes were obtained and kept at Ϫ80°C until use for the isolation of RNA. Total RNAs were extracted from the keratinocyte samples by an RNeasy total RNA kit (Qiagen, Valencia, Calif.). Reverse transcription (RT) of the poly(A) ϩ RNA was carried out with an Ominiscript Reverse Transcriptase kit (Qiagen). The RNase-Free DNase set (Qiagen) was used for dissolving DNase while purifying RNA. RT-PCR primers were prepared on the basis of the sequences conserved in human cytokines. The primer sequences used for amplification of human ILs were the following: 5Ј-GCA GTC TAC ACA GCT TCG GG-3Ј (primer IL-1␤ 1S; nucleotides [nt] 88 to 107 in mRNA for human interferon-gamma-inducing factor IL-1␤; DDBJ/EMBL/GenBank accession no. D49950) and 5Ј-CCG CCT CAG CCT CCC AAA G-3Ј (primer IL-1␤ 1R; nt 820 to 810) (14), 5Ј-GCC TTC GGT CCA GTT GCC TT-3Ј (primer IL-6 1S; nt 22 to 41 in mRNA for human IL-6; DDBJ/ EMBL/GenBank accession no. X04602) and 5Ј-GCA GAA TGA GAT GAG TTG TC-3Ј (primer IL-6 1R; nt 586 to 567) (6), and 5Ј-ATG ACT TCC AAG CTG GCC GT-3Ј (primer IL-8 1S; nt 102 to 122 in mRNA for human TNF; DDBJ/ EMBL/GenBank accession no. M10988) and 5Ј-TCC TTG GCA AAA CTG CAC CT-3Ј (primer IL-8 1R; nt 164 to 183) (12) . Other primer pair sequences used for amplification of human MCP-1 and TNF-␣ were 5Ј-ATG AAA GTC TCT GCC GCC CT CA-3Ј (primer MCP-1 S1; nt 598 to 617 in mRNA for the human MCP gene; DDBJ/EMBL/GenBank accession no. M10988) and 5Ј-GAG ATC TGT GCT GAC CCC AA-3Ј (primer MCP-1 R1; nt 197 to 216) (13) and 5Ј-AGG CGC TCC CCA AGA AGA CA-3Ј (primer TNF-␣ S2; nt 129 to 148 in mRNA for human TNF; DDBJ/EMBL/GenBank accession no. M10988) and 5Ј-TCC TTG GCA AAA CTG CAC CT-3Ј (primer TNF-␣ R1; nt 164 to 183) (15) . The cDNA samples from epidermal keratinocytes were amplified by PCR in a reaction mixture (30 l) containing 10 mM TrisHCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 200 mM each deoxynucleoside triphosphate, 1.0 U of Taq polymerase (Takara, Kyoto, Japan), and 0.5 g of a pair of primers. The PCR amplification was carried out for 30 cycles consisting of template denaturation (1 min at 94°C), primer annealing (1 min at 55°C), and polymerization (2 min at 72°C). The PCR products were electrophoresed through 3% (IL-1␤, IL-6, and IL-8) or 2% (MCP-1 and TNF-␣) agarose gels and then were stained with ethidium bromide and observed under UV irradiation.
After coculturing epidermal keratinocytes and T. mentagrophytes at 0, 1, 3, and 12 h, IL-8 and TNF-␣ mRNAs in human epidermal keratinocytes were detected by RT-PCR (Fig. 2) . IL-8 and TNF-␣ mRNAs were detected in epidermal keratinocytes after 1 to 12 h of coculture, although these mRNAs in epidermal keratinocyte were not detectable at the beginning of coculture. These results suggested that T. mentagrophytes stimulated the production of IL-8 and TNF-␣ mRNAs in human epidermal keratinocytes.
The data in this study revealed that T. mentagrophytes directly induced IL-8 and TNF-␣ production from human epidermal keratinocytes without activated macrophages. This finding was also confirmed by detecting mRNAs of IL-8 and TNF-␣ in the keratinocytes cocultured with T. mentagrophytes. In addition, T. mentagrophytes could not induce IL-1␤, IL-6, or MCP-1 in this study. These results suggested that IL-8 and TNF-␣ might be main cytokines released from human epidermal keratinocytes when T. mentagrophytes infects human and animals. Therefore, T. mentagrophytes seems to have direct and unique effects on cytokine production from keratinocytes. Further analysis is required to understand the process of IL-8 and TNF-␣ production from keratinocytes and the relationships to the host defense mechanisms against T. mentagrophytes infections.
Nucleotide sequence accession numbers. The sequences determined in this study were deposited in the DDBJ, EMBL, and GenBank databases and were given accession numbers as follows: primer IL-1␤ 1S, no. D49950; primer IL-6 1S, no. X04602; primer IL-8 1S, no. M10988; primer MCP-1 S1, no. M10988; primer TNF-␣ S2, no. M10988. 
